Summary. Peripheral autonomic nervous system in the pancreas of the lizard Lacerta dugesii was investigated under light, fluorescence and electron microscopy.
1. A low nerve fiber density was remarked both in the exocrine and endocrine tissues of the pancreas.
2. The nerve fibers were distributed uniformly in various gland areas. 3. The distribution of both adrenergic and cholinergic components of the innervation appeared fairly well balanced in the acinar and islet tissue.
4. Nervous cell elements (Cajal interstitial cells or ganglionary cells) were absent. 5. The direct juxtaposition of two axons was observed occasionally and was considered as evidence for the existence of axo-axonal synapses postulated by EHINGER et al. (1970) .
6. No close contact was recognized between the nerve fibers and the exocrine and endocrine cells.
7. In the islets of Langerhans were detected: biogenic monoamines, probably in B-cells; and acetylcholinesterase (AChE), mainly in B-and A (A2)-cells.
The above observations and others concerning the fine structure and nature of nerve fibers as well as the ultrastructural localization of AChE activity in the nerve fibers, endocrine cells and connective tissue are discussed in connection with the results of other authors.
While islet cytology was extensively studied in light and electron microscopy (MILLER and WURSTER, 1956, 1958; BURTON and VENSEL, 1966; TITLBACH, 1967 TITLBACH, , 1970 RHOTEN, 1970; etc.) , little is known about their innervation and generally about the pancreatic autonomic nervous system of lizards (TRANDABURU, 1972ab) .
The main reason for undertaking the present investigations was precisely the penury of data concerning the distribution, fine structure, neuro-glandular relationships and nature of nerve fibers and terminals in the pancreas of these reptiles. Particular attention will also be paid to the extraneural occurrence of monoamines and acetylcholinesterase activity in the islet cells, taking into account its functional significance.
With these aims in view, the pancreas of a species belonging to the genus Lacerta was examined in light, fluorescence and electron microscopy. Material and Methods Adult specimens of both sexes of Lacerta dugesii (M .-Edw.) obtained from a commercial source were kept in a terrarium, with adequate food, for one week.
Light microscopy. Pancreas pieces were processed according to the neurohistological techniques of BODIAN (silver-protargol) and FOLEY (ROMEIS , 1968) .
For demonstrating cholinergic innervation the acetylcholinesterase reaction (AChE) after KARNOVSKY's technique (1964) was performed in cryostat sections of Fluorescence microscopy. The adrenergic innervation was revealed using FALCK and HILLARP's method of freeze-dried formaldehyde treated tissues, according to the technical details described by FALCK and OWMAN (1965) . Five hrs before removal of the pancreas, the animals were injected i.p. with 500mg/kg body weight nialamide were mounted in liquid paraffin or in an Entellan (E . Merck, Darmstadt)-xylol mixture and examined in phase contrast and fluorescent microscopy .
Electron microscopy. Thirty min prior to sacrifice the animals for the demonstration of AChE reaction received i .p. 1mg/kg body weight atropine sulphate (E. Merck, Darmstadt). The pancreas pieces were fixed for 2hrs in a solution of 2% glutaraldehyde (E. Merck, Darmstadt) in 0.1M phosphate buffer (pH 7.4), after which they were washed for 16-24hrs in the same buffer. Subsequently, the fragments chopper. As reaction substrate AThChI (acetylthiocholine iodide , pure, Koch-Light Labs. Ltd., Colnbrook) was used. To inhibit ChE (cholinesterase) activity, eserine sulphate (E. Merck, Darmstadt) was employed, while for the inhibition of non-specific esterases or BuChE (butyrylcholinesterase), iso-OMPA (tetraisopropyl pyrophosphoramide, pure, Koch Light Labs. Ltd., Colnbrook) was used in the concentrations listed in the Table 1. Unlike the original technique (KARNOVSKY, 1964) the preincubation step was omitted, the inhibitors being, added directly to the incubation medium. The addition of sucrose to the fixative, washing and incubation solutions were also omitted. The control performed was without substrate. After incubation the pancreas slices were post-fixed for 1hr in a solution of 1% OSO4 in 0.1M phosphate buffer (pH 7.4).
The material was dehydrated in acetone and embedded in Durcupan ACM (Fluka AG, Buchs). The ultrathin sections, prepared on a Reichert OmU2 ultratome, were double contrasted with uranyl acetate (WATSON, 1958) and lead citrate (REYNOLDS, 1963) . The grids were examined in a Siemens Elmiskop 101 (80kV). connective tissue or associated with the blood vessels which penetrate into the gland. In the depth of the exocrine parenchyma, fibers are sparse, have a somewhat rigid route and usually accompany the arterioles (Fig. 1a) . With both techniques the endocrine cells appear strongly impregnated (Fig. 1b) , which may make the detection of islet innervation, difficult. It could, nevertheless, be observed that the density of nerve fibers in the islets does not significantly differ from that in the exocrine tissue.
Cholinergic innervation is only poorly developed both in exocrine tissue and in the islets (Fig. 1c, d ). On the other hand, a large number of islet cells exhibit the AChE reaction (Fig. 1d) . The reaction is likewise positive in the walls of blood vessels.
Fluorescence microscopy
Green-fluorescent adrenergic fibers are regularly associated with large vessels. However, tiny fibers which exhibit a slight fluorescence could be seen running freely among acini (Fig. 1e ). These are scarce and their identification depends to a large extent on technical processing and visional conditions of the material.
The islet adrenergic innervation is somewhat more abundant, though appreciable quantitative variations are recorded from one islet to another.
Sometimes, a few cells, which according to their close contact with capillaries, might correspond to B-cells, display a faint fluorescence at their secretory pole (Fig. 1f) .
Generally, both cholinergic and adrenergic components of the pancreatic innervation, though slightly developed, seem to be fairly well balanced.
The fact might be mentioned that no nerve cell of adrenergic or cholinergic nature was detected.
Fine structure of nerve fibers and terminals
In the pancreas the nerve fibers are unmyelinated (Fig. 2a) . Each axon of a bundle is enwrapped in a thin cytoplasmatic Schwann cell-process. In the relatively rare cases in which the Schwann sheaths are incompletely developed, the adjacent axons may come into direct contact (Fig. 2a) .
As a rule, the axons contain a variable number of neurotubules, neurofilaments, mitochondria, granular and/or agranular microvesicles and more seldom smooth endoplasmic reticulum and lysosomes (Fig. 2a, (3) (4) (5) . Microvesicles usually occur accumulated in the axoplasm of terminals (Fig. 4, 5) ; sometimes they can be observed also in the proximity of or in direct contact with axolemma, particularly at the level of the axo-axonal junctions (Fig. 2a, b) . Their number and size vary considerably from one terminal to another.
Generally, the diameters of granular (dense-cored) microvesicles are larger than those of the agranular (clear) ones, their average being dense-cored or clear microvesicles or both types of microvesicles (mixed terminals) in variable proportion.
In one bundle the aspect of nerve fibers or terminals is not always the same; some of them appear "light" and others "dark" (Fig. 3) . Their different aspect does not seem to depend so much on the quantity or type of microvesicles, but particularly on axoplasm density. Nerve fibers are distributed uniformly in the entire pancreas mass, except perhaps for the islets of Langerhans, which sometimes display a more abundant innervation.
As far as neuro-vascular relationships are concerned, nerve fiber terminalsusually partly naked axons-could be found embedded in the connective tissue which fills the perivascular spaces. Due to the unusual thickness of this tissue the distances between ultimate nerve endings and the muscular layer of arteries or capillary endothelium are appreciable (on an average>450nm) (Fig. 4) .
The bundles of fibers which run freely in the exocrine pancreas are mainly located in the connective tissue of interlobular spaces (Fig. 3) . Though axons partially or totally devoid of Schwann sheaths penetrate deeply into intercellular spaces, no close contact between terminals and exocrine cells was observed (Fig. 5) . The same is valid as far as spatial relationships between islet cells and nerve terminals are concerned (Fig. 6, 7) .
The quantitative relationships of the three categories of terminals are hard to As regards the quantitative distribution of nerve fiber categories in relation to endocrine cell types, terminals containing exclusively or mostly clear microvesicles are found to occur relatively frequently in the vicinity of B-and D-cells (Fig. 6, 7) . The results are, however, inconclusive. As light microscopic observations also show, one may speak of two qualitatively distinct localizations of the AChE activity:
Nervous localization is confined to the fibers of the peripheral cholinergic nervous system, namely to those which contain exclusively or mostly clear microvesicles (Fig. 3-7) . The deposits are present in the lumen of neurotubules or within clear microvesicles.
Another reactive site, and perhaps the most obvious, is the narrow space between the axolemma and Schwann cell-extension, in which a dense, more or less fragmentary precipitate can be often seen. Finally, the reaction product occurs sporadically in the lumen of smooth endoplasmic reticulum and in lysosomes.
Extranervous localization was detected especially in the A (A2)-and B-cells of the islets of Langerhans (Fig. 8, 9 ). In both these cell types small drops of precipitate are observed freely disseminated in the cytoplasm or at the level of the ergastoplasm and surrounding membranes of secretion granules.
If in the A-cells the precipitate is fine granular, in the B-cells it appears coarse. The reaction was less frequently detected in mitochondria, Golgi complex, nucleus envelopes, plasma membrane and lysosomes (Fig. 12, 13) . At the level of these structures the reaction occurs sometimes also in the other cell types (D-and type IV-cells) (Fig. 10, 11) .
Mention should be made of the fact that the connective tissues of the perivascular and intercellular spaces constantly display, even at the highest concentration As a rule, the number of reactive sites as well as the reaction intensity, estimated according to the amount of deposits, varies evidently with the incubation periods. Moreover, the reaction intensity is not the same in various areas of one section.
Discussion
The topographical distribution pattern and the amount of nerve fibers vary considerably in the pancreas of different species (COUPLAND, 1958; CEGRELL, 1968; TRANDABURU, 1972ab; etc.) . Owing to this fact, the establishment of some characteristic features, common to the intrinsic innervation of the pancreas in the vertebrate series, proves to be difficult. Nevertheless, in the case of lizards, certain similarities can be suggested: on the one hand with newts in regards to nerve fiber density in exocrine tissue, while on the other with snakes if we refer to their density and topographical distribution in the islets of Langerhans (TRANDABURU, 1972b) .
The quantitative ratio between the adrenergic and cholinergic nerve fibers appears equilibrated throughout the entire pancreatic mass. This situation is relatively seldom met with among the vertebrates studied in which, as a rule, the preponderance of cholinergic innervation is recorded (COUPLAND, 1958; TRANDABURU, 1972b; etc.) . At least in regards to the exocrine pancreas, it seems comparable with that observed in ophidians (TRANDABURU, 1972ab) .
As shown already, the intrinsic innervation of the lizard pancreas is made up exclusively of fibers. In this sense, the lack of Cajal interstitial cells or of the ganglionary ones, frequently met with in the avian (KUDO, 1971; TRANDABURU, 1972b) and mammalian pancreas (COUPLAND, 1958; FUJITA, 1959; COMLINE et al., 1963; KOBAYASHI and FUJITA, 1969; KERN et al., 1971; etc.) , seems to represent, perhaps except for several species of fishes (WATARI, 1972) and anurans (LAWZEWITSCH, 1970; TRANDABURU, 1972c) , a common feature of poikilothermic vertebrates.
In the main, nerve fibers and their terminals show similar ultrastructural characteristics to those of the fibers described in the pancreas of other vertebrates (STAHL, 1963; WATARI, 1968; KOBAYASHI and FUJITA, 1969; SCHORR and BLOOM, 1970; etc.) or in other glands (COUPLAND, 1965; UNSICKER, 1970; etc.) . Nevertheless, same problems arise in connection with the classification of terminals depending on distribution and dimensions of dense cored and clear microvesicles.
Thus, though many attempts in this matter are known, (WATARI, 1968; KOBAYASHI and FUJITA, 1969; KUDO, 1971; TRANDABURU, 1972c; etc.) , no general agreement has been reached till now.
From the functional point of view, axo-axonal contacts are particularly interesting. According to EHINGER et al. (1970) , these might have a synaptic character and would thus represent a way of interaction between adrenergic and cholinergic neurons. The presence in the lizard of some dense-cored microvesicles in the vicinity of or in direct contact with the axolemmae at the level of these junctions, may be considered as a support of this hypothesis.
Such possible axo-axonal synapses have been recorded in the pancreas of anurans (TRANDABURU, 1972c) and urodeles (TRANDABURU, unpublished data).
"Dark" and "light" nerve endings, like those described in this paper, were also reported in the pancreatic islets of teleostean fishes (KLEIN, 1971 ) and snakes (TRAN-DABURU, unpublished data). While differences in the aspect of terminals seem to be generated by density variations of axoplasm, it is hard to specify whether in their turn these variations are the consequence of an inadequate fixation or of the functional condition of the nerve fiber. The latter assumption is based on the observation that the axoplasm with an increased electron-opacity is one of the initial symptoms of nerve fiber degeneration (IWAYAMA, 1970) .
As a result of the unusual development of the connective tissue, neuro-glandular spatial relationships in the lizard pancreas differ as compared with those described in other vertebrates (STAHL, 1963; LEGG, 1967; WATARI, 1968; KOBAYASHI and FUJITA, 1969; KLEIN, 1971; etc.) by the fact that no nerve terminal synaptically related to the surface of endocrine or exocrine cells could be observed, at least in our sections. Thus, the nerve endings in the lizard pancreas can be compared with "en distance" type terminals described by KOBAYASHI and FUJITA (1969) in dog pancreas. Generally, the morphological observations do not support the existence of a direct nervous control of the pancreatic functions in lizards.
As far as the nature of innervation is concerned, the cholinergic fibers were identified by applying the AChE reaction. As in other cases (SILVA and IKEDA, 1971; TRANDABURU, 1972c; etc.) , the mixed terminals which contain mostly clear microvesicles display a positive reaction. Therefore, it seems reasonable that in assessing the nature of the mixed terminals the numerical proportion between clear and densecored microvesicles should be taken into consideration.
In nerve fibers, the reactive sites to AChE are the same as those reported in the cholinergic fibers of the pancreas of other species (ESTERHUIZEN et al., 1968; TRAN-DABURU, 1972c) or of other tissues (ROBINSON and BELL, 1967; CSILLIK et al., 1968; etc.) .
Several hypotheses have been propounded concerning the functional signification of enzyme activity at the level of ultrastructures.
Thus, according to NACHMANSOHN (1952) , the presence of enzyme at the axolemma surface may be related to its role in conducting the nervous impulse, while according to CSILLIK et al. (1968) , this location might be taken as proof of enzyme transport along the axolemma from the perikaryon to the terminals.
Another possible route for this transport would be, according to KASA (1968) , through the neurotubules and the smooth endoplasmic reticulum.
Electron microscopic data concerning the distribution of adrenergic and cholinergic terminals within the islets in relation to endocrine cell types are generally insufficient (LEGG, 1967; WATARI, 1968; ESTERHUIZEN et al., 1968; KOBAYASHI and FUJITA, 1969; etc.) . In the case of lizards, to the technical difficulties such an investigation implies (the limited field of view under the electron microscope, serial ultrathin sections, etc.), the small incidence of nerve terminals and of certain cell types is added. The fact that in our sections cholinergic terminals were found in the vicinity of B-and D-cells, does not imply their prevalence and, all the more, it does not exclude the presence of adrenergic ones.
The common storage of biogenic monoamines and AChE in pancreatic islets seems to represent a seldom met with phenomenon.
Among poikilothermic vertebrates it was recorded in frogs (TRANDABURU, 1972ab) . As regard mammals, the case of the rabbit should be mentioned, in which monoamines were demonstrated in the islets of young pigmented specimens (CEGRELL, 1968) and AChE in those of adult ones (COUPLAND, 1958) .
The presence of some fluorescent islet cells in the lizard pancreas was already recorded (TRANDABURU, 1972a) . Their assumed identity with B-cells remains, however, to be confirmed. The functional significance of the fluorescent material is still uncertain.
Nevertheless, the hypothesis of FALCK and OWMAN (1968) concerning the participation of endogenous monoamines in the synthesis and/or release of polypeptide hormones seems attractive.
AChE localization in pancreatic islets was reported in frogs and snakes (TRAN-DABURU, 1972b) , in chicken embryos (DREWS et al., 1969) and, as shown above, in adult rabbits (COUPLAND, 1958) . At ultrastructural level enzyme activity was detected in B-and A-cells of the frog islets (TRANDABURU, 1972c) . The fact that in the lizard the same islet cell types, known to produce insulin and glucagon, display the reaction suggests the role of enzyme in the synthesis of these hormones.
The reactive sites in both islet cell types are identical with those described by ERANKO et al. (1967) in nerve cells and by WELSCH and PEARSE (1969) in the C-cells of rabbit and rat thyroid and parathyroid glands. In the latter authors' opinion, AChE might play a polyvalent role in the metabolism of the polypeptide hormone-producing cells. It might be involved in the destruction of a low molecular compound, released as a response to stimulation, particularly in the case of nerve cells, or it might participate in the destruction of some normal but toxic cell metabolites, or in synthesis of phospholipidcontaining cell compounds as well as in the release of secretion products of endocrine cells.
The ultrastructural and cytochemical characteristics of the pancreatic B-and A (A2)-cells, described in this paper, stongly suggest their belonging to the APUD (Amine and Amine-Precursor Uptake and Decarboxylation) cell series. Further investigations must, nevertheless, be done to demonstrate all cytochemical criteria considered by PEARSE (1969) as necessary for the characterization of APUD cell series. The presence of AChE activity in the connective tissue, especially in perivascular spaces, seems characteristic for the pancreas of poikilothermic vertebrates (TRANDABURU, 1972b) . Similar findings were also recorded by UEMURA (1965), but for brain vessels. The author infers that the brain blood vessels of poikilothermic vertebrates contain mostly AChE, while homoiothermic animals, mostly non-specific ChE. It would be interesting to learn to what extent these findings are valid for other organs of poikilothermic vertebrates.
